INTRODUCTION
In areas of the world where foot and mouth disease (FMD) is controlled by vaccination and quarantine, airborne spread of infection and disease is not perceived as a major factor in the spread of this highly infectious disease as it is in Europe (Hugh-Jones and Wright, 1970; Joubert, 1981; Pittler, 1975 ; Smith and Hugh-Jones, 1969). The major perceived risk elsewhere is the move ment of animals from recently affected herds in Latin America (Rios, 1974) , as it is in Africa (Botswana, 1972; Swaziland, 1971) . The tracing of individual FMD outbreaks regularly confirms this in the State of Sao Paulo. FMD is tra ditionally a spring-summer disease in the state. It is associated with the pur chase of replacement breeding stock in the spring, especially from Mato Grosso, southern Goias, northeastern Parana, and Minas Gerais. In some areas of India and Southeast Asia the seasonal pattern of outbreaks is reinforced by horti cultural practices and the seasonal movements of working oxen and buffalos (Fernando, 1980; Chakrabarty, 1979) .
The availability of movement notifications allows for the statistical inves tigation and confirmation of the contribution of stock movements to the in cidence of this disease. The objective of this preliminary study was to identify the few movement parameters best suited to incidence prediction and epidemio logical study. During 1975 virus identifications were largely of O and A sero types, but in 1976 there was a major epidemic of A Wenceslau.
METHOD
The State of Sao Paulo issues movement licenses for all cattle being moved off farms in the state for whatever destination. The licenses record the pur pose ("breeding" or "slaughter"), the number of animals being moved, and the expected department in the state or the outside state for which the cattle are destined. Tabular returns for the licenses issued by each department in the state are prepared monthly and circulated to the animal health services and interested institutes by the Coordenadoria de Assistencia Tecnica Integral. Simil arly detailed data on the arrival of stock from other states was unavailable. FMD is legally notifiable in Sao Paulo and all notified outbreaks are inves tigated by the State Veterinary Service. Tabular returns of outbreaks are publish ed monthly and annually, along with the numbers of herds and animals vac cinated against FMD. The omnipresent threat of this disease in the state and the regular need for vaccination allow these vaccination data to be used as an approximation of the number of herds and cattle in the state in the absence of contemporaneous census data.
The following data were used: Statistical analysis was carried out using the Statistical Analysis System (SAS), and specifically the General Linear Models procedure (GLM). Various subsets were derived for each department from these data: the numbers of cattle sent for slaughter within Sao Paulo from each department ("Slaughter-in") and into other states ("Slaughter-out"); the numbers of breeding animals leav ing herds in each department ("Breeding-in"); the numbers of breeding animals in each department returning to other herds within the same department ("Breeding-return"); leaving each department to enter herds in another depart ment ("Breed"); breeding animals going to other states in Brazil from each department ("Breeding-out"); animals entering herds in each department from herds elsewhere in Sao Paulo ("Breed-other"); and the sum of breeding ani mals leaving and entering herds in each department ("Churn"). These data were analyzed as proportions of all animals within each department. The disease for each department data were analyzed both as the number of outbreaks in 1975 or 1976 and as annual herd incidences for those years.
RESULTS
The various movements can be split between those outward from farms, whether for slaughter or breeding, and those inward onto farms for breeding. The statistical correlations between these movements and the number of FMD outbreaks or incidence were not always consistent for the two years of data used, which clearly reflects the effects of the 1975 vaccination program. How ever some movements can be regarded as statistically irrelevant to the incidence of this disease. The annual movement of breeding animals out of a depart ment to other departments in the State contributed little statistically as did the inward movement into any department from other Sao Paulo departments, which is consistent (see Table I ).
The most important contributor for breeding animal movements would appear to have been the annual movement of breeding stock from farm to farm within the same department, with a higher correlation with FMD outbreak num bers than FMD herd incidence. These data, which can be simply extracted from the monthly reports, are also the major component of the more complex deriv ed data describing the total movement onto all farms within each department or the total outgoing and incoming of breeding stock ("Churn") (Table II) . Or put another way, the effort involved in using the more complex data, even with the support of a computer, is not commensurate with the added precision.
Slaughter movements appear to be more closely associated, statistically, with FMD herd incidence than FMD outbreak numbers. Any component of the annual slaughter movement appears to be equally useful with the most significant and highest correlations being with total departmental movement of animals for slaughter whether inside or out of Sao Paulo; from the cross-cor relations these data are virtually identical in value to the slaughter inside Sao Paulo.
When the various data were sorted to examine monthly movements for the whole State in relation to the monthly herd incidence or number of outbreaks, only one variable was significant and only for 1975, the movements each month during 1975 of breeding animals to other states. This was a year when there was a distinct seasonal pattern to the outbreaks (see Figure 1 ) compared to 1976 with extensive outbreaks. In 1976 all correlations between monthly movements and incidence were negative and statistically insignificant (Table III) .
The SAS STEPWISE Regression procedure was used to explore the optimum linear model of the various movement variables in relation to the incidence of FMD. With the number of FMD outbreaks as the dependent variable, a single independent variable, "Breeding-return" or the proportions of animals in the different departments moved from herd to herd within each department for breeding, of all the simple parameters used was significant for 1975 (R While it is tempting to suggest that the statistical association between slaugh ter movements and FMD reflects the dangers of bringing animals together and therefore increasing the contact rate, when some FMD outbreaks will occur, it is possible that another aspect is being measured. The proportion of animals going for slaughter, which is positively correlated with FMD incidence, could be interpreted as the calving rate and thus the recruitment of susceptible animals with limited prior FMD experience, whether of the disease or vaccination. The absence of a seasonal correlation would support this hypothesis if slaughter movement reflects herd susceptibility and not movement.
For breeding movements the amount of movement between farms within a department appears to be the most important factor. These breeding animals are heifers and young cows and they could act as carriers between herds. Where a larger proportion of the breeding stock are being turned over, the average age of the breeding herd will be younger and as the herds are not closed, the herds will be more likely to import infection. The inconsequence of depart ment to department movement of breeding stock is hard to interpret as it is part of the overall movement of breeding stock; a very speculative suggestion is that there will be a small demand for breeding stock from FMD affected departments but there is nothing to support or deny this possibility here, how ever intuitively correct.
Overall the seasonal movement of stock for whatever reason appeared to be statistically independent of FMD outbreaks or incidence during these two years. This can be partially explained by the quarantine activities imposed on affected herds. The seasonal incidence of FMD is presumably more dependent on seasonal immunity and susceptibility of departmental herds, the intensity of the calving season, the movement of stock from adjoining states into Sao Paulo, and the availability of FMDV infected herds and stock within or without Sao Paulo at any one time. As the data on the movement of breeding stock into Sao Paulo from other states were unavailable, the measurement of breeding stock movements was incomplete.
However, if we just use the movement of breeding stock from farm to farm within any department ("Breed-return") we can statistically explain, whether epidemiologically correct or not, some 73-78% of the variation in the number of FMD outbreaks or 58-64% of the departmental herd FMD incidence. The total movement of slaughter stock in each department can represent 60-70% of the variation in incidence. These are two simple variables to extract from the monthly published data. These data are available some time after each month and after each year's end, and therefore have a limited predictive value. However it is useful in spatial predictions of new patterns of FMD outbreaks if there were to be changes in livestock policy and marketing. This would be confirmed, or denied, when data of further years are analyzed, together with the impact of vaccination.
It must be pointed out that this paper is a preliminary statistical analysis of animal movements. FMD is a highly infectious disease and therefore an epidemiologically important event with low probability can produce a significant amount of disease when that event, or coincidence of events, occurs. Because data on stock coming into Sao Paulo was not available, the impact of this recognized FMD risk could not be measured. 
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